Engrailed genes control developmental fate of serotonergic and noradrenergic neurons in mid- and hindbrain in a gene dose-dependent manner.
In vertebrates and insects, the homeobox transcription factors of the engrailed family have a dual function. They take part in regionalization during early embryogenesis and later in neuronal specification. In mammals, two engrailed homologues exist, engrailed-1 and engrailed-2, which are expressed in a broad band around the isthmus at an age when the serotonergic and noradrenergic neurons in mid/hindbrain are generated. The analysis of engrailed-1 and -2 double mutant mice revealed a specific, redundant, and gene dose-dependent requirement of the two transcription factors for the development of the serotonergic dorsal raphe nucleus and the noradrenergic locus caeruleus. Both nuclei are lost in engrailed double mutant mice; however, directly adjacent nuclei of the same neurotransmitter phenotype are not affected. An almost identical phenotype is found in mutant mice null for Wnt1, indicating that the engrailed genes provide essential positional information for the development of the two nuclei during early embryogenesis.